Purpose Systematic review comparing biological agents, targeting tumour necrosis factor a, for sciatica with placebo and alternative interventions. Methods We searched 21 electronic databases and bibliographies of included studies. We included randomised controlled trials (RCTs), non-RCTs and controlled observational studies of adults who had sciatica treated by biological agents compared with placebo or alternative interventions.
Introduction
Sciatica is a symptom defined as unilateral, well-localised leg pain, with a sharp, shooting or burning quality, that approximates to the dermatomal distribution of the sciatic nerve down the posterior lateral aspect of the leg, and normally radiates to the foot or ankle. It is often associated with numbness or paraesthesia in the same distribution [1] . Sciatica caused by lumbar nerve root pain usually arises from a prolapsed intervertebral disc [2] , not only from compression of the nerve root [3] , but also the release of pro-inflammatory factors from the damaged disc [4] . Sciatica is common [5] , disabling [6] [7] [8] and costly to society [9] . Typically, sciatica patients initially receive non-surgical treatments such as oral analgesia or physiotherapy. Those with persistent or severe symptoms are referred to more invasive treatments such as epidural injections, and between 5 and 15 % of patients with sciatica are treated with surgery [6, 8] , usually involving a lumbar discectomy. In the National Health Service in England 11,765 lumbar discectomies were performed during 2010/2011 [10] .
Pro-inflammatory factors released from the prolapsed intervertebral disc include: phospholipase A2, prostaglandin E2, interleukin-1a (IL-1a), IL-1b, IL-6, nitric oxide and tumour necrosis factor a (TNFa). It has been suggested that TNFa is the cytokine of primary importance in the pathophysiology of sciatica [4] . Biological treatments targeting TNFa (etanercept, infliximab, adalimumab) are increasingly used in rheumatological practice to control inflammatory disease, and may be useful in sciatica [11] . A systematic review was conducted to ascertain the effectiveness of biological agents targeting TNFa for the treatment of sciatica, or lumbar nerve root pain, compared with placebo or alternative interventions. Outcomes included global effects, pain intensity, condition-specific outcome measures, adverse effects, work status and disc surgery rates. Non-randomised and randomised controlled trials as well as controlled observational studies were included.
Methods
This review used updated searches from a larger review evaluating the effectiveness and cost-effectiveness of all treatment strategies for sciatica [12] , and was prepared in accordance with the PRISMA guidelines [13] .
Literature search
The following databases were searched (from inception to February 2012) using strategies designed for each database: MEDLINE, EMBASE, CINAHL, AMED, British Nursing Index, Health Management Information Consortium, PsychINFO, Inspec, Cochrane Central Register of Controlled Trials, Database of Abstracts of Reviews of Effects, Cochrane Database of Systematic Reviews, Health Technology Assessment database, NHS Economic Evaluation database, System for Information on Grey Literature, Science Citation Index, Social Science Citation Index, Index to Scientific and Technical proceedings, PEDro, BIOSIS, National Research Register, and other trial registries (n = 7) available via the internet. An example of the search strategy for MEDLINE is presented in an ''Appendix''. No language restriction was used. The bibliographies of previous systematic reviews and included studies were screened to identify further relevant studies.
Included studies
The following study designs were included: randomised controlled trials (RCTs), non-RCTs and cohort studies with concurrent or historical controls. Studies with adults who had sciatica or lumbar nerve root pain diagnosed clinically or confirmed by imaging were eligible. Any biological agent targeting pro-inflammatory factors such as tumour necrosis factor-a compared with placebo or alternative interventions using any relevant patient based outcome measure were included.
Data extraction
Two reviewers independently screened the titles and abstracts for relevance. Full papers of potentially relevant studies were retrieved and assessed for inclusion, using the criteria reported above, by two independent reviewers. Data were extracted using predefined forms on a Microsoft Access database by one reviewer and checked for accuracy, against the original paper, by a second independent reviewer. Any disagreements were resolved by discussion or by a third reviewer if necessary.
Quality assessment
Quality assessment was undertaken by two independent reviewers with differences being resolved by consensus or by a third reviewer if necessary. Since this was a metaanalysis of the evidence rather than a guideline development review, we adapted a quality checklist [14, 15] to be applicable for both RCTs and controlled observational studies of sciatica containing the criteria: external validity, selection bias and confounding, detection bias, performance bias, and attrition bias ( Table 3 ). The rating per criterion was performed according to the risk of bias for each set of items by two reviewers independently, with the overall rating of study quality depending on the types and extent of bias. The checklist is described in more detail in the larger review evaluating the effectiveness and cost-effectiveness of all treatment strategies for sciatica [12] .
Data analysis/synthesis
Pairwise meta-analyses were conducted for dichotomous and continuous outcomes. Continuous data were synthesised using final mean scores as weighted mean differences.
RCTs with multiple treatment arms were combined to produce one intervention arm compared with one control arm as recommended by the Cochrane Handbook [16] .
Where mean values were unavailable but the medians were reported, these were used instead. Missing standard deviations (SDs) were derived using methods reported in the Cochrane Handbook [16] , substituted with baseline values, or imputed using the weighted mean for each intervention category [17] . Studies were pooled using the random effects model [18] in Revman version 5 with betweenstudy heterogeneity examined using I 2 and v 2 statistics. Sensitivity analyses assessed the effect of substituting mean values with medians, using imputed SDs and excluding non-randomised studies.
Results
The electronic searches identified 38,443 references and a further 33 references were identified by hand searching, 954 papers were retrieved in full, 435 studies of sciatica were identified, nine of which evaluated biological agents (Fig. 1 ).
Description of biological agents studies
We identified seven RCTs [19] [20] [21] [22] [23] [24] [25] [26] one non-RCT [27, 28] and one historical cohort study [29] . Two studies were reported in two separate publications each [23, 24, 27, 28] . One non-RCT [27, 28] and two RCTs [22] [23] [24] intravenous infusions of infliximab with placebo injections of saline. One RCT compared subcutaneous injection of etanercept with a placebo injection of saline [25] , and another RCT compared three different doses of an epidural injection of etanercept with each other and with an epidural saline injection [20] . One three-armed RCT compared epidural injections of etanercept with epidural injections of corticosteroid and with epidural injection of saline [26] .
One RCT compared subcutaneous injections of adalimumab with placebo injections [21] (Table 1) . One RCT compared epidural injections of autologous conditioned serum, rich in anti-inflammatory cytokines, compared with epidural injections of corticosteroid and local anaesthetic [19] . One historical cohort study compared sub-cutaneous injections of etanercept with intra-venous injections of corticosteroid [29] ( Table 2) . The nine studies included 412 participants with mean ages between 39 and 54 years, with 40-80 % men, five with acute [21] [22] [23] [24] [27] [28] [29] , one with chronic [25] and three with acute and chronic symptom duration [19, 20, 26] (Tables 1, 2) . Three RCTs included patients with recurrent symptoms [21, 23, 24, 29] , but symptom recurrence was not reported in six studies [19, 20, 22, 25, 26, 29] . Sciatica was confirmed by imaging in all studies and previous back surgery was excluded in five trials [22] [23] [24] [25] [26] [27] [28] . Participants were selected from consecutive outpatient [19] or inpatient attendances [29] , after failure to respond to conservative therapy such as physiotherapy and oral analgesia [20, 25] or were candidates for disc surgery [22] [23] [24] .
Most of the studies were RCTs (7/9 78 %) and one was of good quality [21] . Five reported an adequate method of random number generation [19, [21] [22] [23] [24] , but only three documented a secure method of allocation concealment [21, 25, 26] . Three studies had moderately good external validity [21, 26, 29] (Table 3) . Two RCTs reported medians rather than means [22] [23] [24] . Three RCTs did not report SDs [22] [23] [24] [25] , but were provided by the authors in one RCT [25] . Imputed SDs were used in the meta-analyses for the remaining missing values [22] [23] [24] .
Biological agent versus placebo

Global effect
Five studies reported a measure of global improvement (Table 1) . One poor quality non-RCT [27, 28] , two moderate quality [20, 26] and one good quality RCT [21] were combined in meta-analyses at short-term (4-6 weeks) and medium-term (6 months) follow-up. One poor quality non-RCT [27, 28] and one moderate quality RCT [23, 24] were combined in a meta-analysis at longterm (12 months) follow-up. Combined odds ratios (ORs) were in favour of biological agents at all three time periods, but were only statistically significant at mediumterm follow-up. Indeed there was moderate heterogeneity at short-(I 2 = 62 %), medium-(I 2 = 47 %) and longterm (I 2 = 47 %) follow-up. ORs were 1.99 (95 % CI 0.66-5.96) in the short-term, 2.72 (95 % CI 1.04-7.13) in the medium-term and 2.26 (95 % CI 0.53-9.73) in the long-term (Fig. 2) . A sensitivity analysis excluding the non-RCT [27, 28] only resulted in minimal changes to the summary OR and measurements of heterogeneity (Online Resource 1). 
Leg pain intensity
Seven studies reported leg pain intensity measured with a visual analogue scale. One poor quality non-RCT [27, 28] , five moderate quality [20, [22] [23] [24] [25] and one good quality RCT [21] were combined in a meta-analysis at short-term (4-6 weeks) follow-up and found a moderate weighted mean difference (WMD) of -13.63 U on a 0-100 visual analogue scale (95 % CI -26.84 to -0.41) in favour of biological agents. Five of these studies were combined in a meta-analysis at medium-term (3-6 months) follow-up [21-25, 27, 28] and found a small WMD of -6.96 (95 % CI -15.42 to 1.51) in favour of biological agents. One poor quality non-RCT [27, 28] and one moderate quality RCT [23, 24] were combined in a meta-analysis at long-term (12 months) follow-up and found no difference with a WMD of 0.18 (95 % CI -20.39 to 20.75) (Fig. 3) . There was substantial heterogeneity at short-(I 2 = 69 %) and long-term (I 2 = 86 %), but not medium-term follow-up. A sensitivity analysis excluding the non-RCT [19, 27] reduced the size of the WMDs and heterogeneity, so that the WMD at short-term follow-up was no longer statistically significant (Online Resource 2). Excluding the two RCTs reporting medians [22] [23] [24] or the two RCTs with imputed SDs [22] [23] [24] had minimal effect at short-and medium-term follow-up. A funnel plot for publication bias did not appear to show asymmetry, but indicated a lack of large studies (Online Resource 3).
Oswestry disability index
Seven studies reported the Oswestry Disability Index. One poor quality non-RCT [27, 28] , four moderate quality [20, [22] [23] [24] [25] and one good quality RCT [21] were combined in a meta-analysis at short-term (4-6 weeks) follow-up and found a WMD of -5.21 U (95 % CI -14.09 to 3.68) on the ODI (range 0-100) in favour of biological agents. Five of these studies were combined in a meta-analysis at medium-term (3-6 months) follow-up [21-25, 27, 28] and found a WMD of -8.16 (95 % CI -14.36 to -1.96) in favour of biological agents. One poor quality non-RCT [27, 28] and one moderate quality RCT [23, 24] were combined in a meta-analysis at long-term (12 months) follow-up and found a WMD of -4.99 (95 % CI -11.78 to 1.80) in favour of biological agents (Fig. 4) . There was moderate heterogeneity at short-(I 2 = 77 %), medium-(I 2 = 45 %) and long-term (I 2 = 61 %) follow-up. A sensitivity analysis excluding the non-RCT [27, 28] reduced the size of the WMDs so that the WMD at medium-term follow-up was no longer statistically significant (Online Resource 4). Excluding the two RCTs reporting medians, for which we also imputed SDs Percentage who completed the study?
80-100 % Unclear 80-100 % 80-100 % 80-100 % 80-100 % 80-100 % 80-100 % \60 % Eur Spine J (2013) 22:1921-1935 1927 [ [22] [23] [24] , had minimal effect at short-and medium-term follow-up but increased the WMD at long-term follow-up because only one non-RCT remained with a larger effect size [27, 28] . The funnel plot for publication bias did not appear to show asymmetry, but indicated a lack of large studies (Online Resource 5).
Biological agent versus corticosteroid injection
Only three studies compared biological agents with an alternative treatment. Two moderate quality RCTs compared epidural corticosteroid injections with epidural injection of autologous conditioned serum [19] and with ? yes, -no, ± partial, HCS historical cohort study, RCT randomised controlled trial epidural injection of etanercept [26] and were combined in meta-analyses at short-term (4-6 weeks) follow-up. For pain intensity the WMD was 6.17 (95 % CI -2.12 to 14.47) in favour of steroid injection with homogeneity amongst the effect sizes (I 2 = 0) (Fig. 5) . For ODI the WMD was 4.80 (95 % CI -0.88 to 10.48) in favour of steroid injection with moderate heterogeneity (I 2 = 62 %) (Fig. 6) . At medium-term (22 week) follow-up the RCT comparing etanercept with corticosteroid [26] found a mean difference of 11.4 (95 % CI -22.93 to 0.13) for pain intensity in favour of etanercept (Fig. 5) , but a mean difference of only 0.4 in ODI (95 % CI -3.57 to 4.37) (Fig. 6) . One poor quality historical cohort study [29] found that sub-cutaneous injections of etanercept were superior to intra-venous injections of corticosteroid in terms of global effects (OR 16.0, 95 % CI 1.8-143) (Online Resource 6), mean leg pain intensity (WMD -40.5, 95 % CI -58.1 to -22.9) (Fig. 5) and ODI (WMD -16.1, 95 % CI -27.5 to -4.7) at short-term (6 weeks) follow-up (Fig. 6 ).
Need for disc surgery
One poor quality non-RCT [27, 28] , three moderate quality [22] [23] [24] [25] and one good quality RCT [21] were combined in a meta-analysis of the need for disc surgery for up to 12 months follow-up. The combined odds ratio for needing disc surgery in those receiving biological agents compared with placebo was 0.54 (95 % CI 0.26-1.14) with homogeneity amongst the effect sizes (I 2 = 0 %) (Fig. 7) . In addition, a poor quality cohort study [29] reported that one patient (10 %) in the etanercept group and one (10 %) in the intravenous corticosteroid group required disc surgery within the first month of the study.
Employment outcomes
In one moderate quality RCT [23, 24] there was a median of 42 days sick leave in the infliximab group compared with 25 days in the placebo group. In one good quality RCT [21] 16 patients (64 %) in the adalimumab group returned to work by 6 months compared with 13 (42 %) in the placebo group. There was no significant difference in the number of adverse events between infliximab, etanercept or adalimumab and placebo in one non-RCT and five RCTs when these were combined in a meta-analysis [21] [22] [23] [24] [25] [26] [27] [28] , and between epidural injections of etanercept or autologous conditioned serum compared with corticosteroid and local anaesthetic epidural injections in two RCTs [19, 26] (Fig. 8) . Only one serious adverse effect of severe gastrointestinal haemorrhage was reported in a patient receiving adalimumab, which was blamed upon concomitant administration of non-steroidal anti-inflammatory medication [21] .
Discussion
Summary of main findings
There was insufficient evidence for the efficacy of biological agents targeting TNFa compared with placebo. Meta-analyses found moderate and statistically significant improvements in global effects in the medium-term, leg pain intensity in the short-term and ODI in the mediumterm when all study types were included. We did not find any evidence of publication bias, although we only had a limited number of studies in our funnel plots. However, there was moderate to substantial heterogeneity in the leg pain intensity and ODI results and when non-randomised 22:1921-1935 1931 studies, which had a greater risk of bias, were excluded the meta-analysis results were no longer statistically significant. There was a reduction in the need for disc surgery, which was not statistically significant and limited evidence for improved employment outcomes. There was no difference in the number of adverse effects. Only two studies comparing biological agents with an alternative treatment were identified. One was a RCT which, rather than testing a medicinal product, tested serum rich in anti-inflammatory cytokines; the other was a poor quality cohort study. They provided very limited evidence that a biological agent was superior to intra-venous corticosteroids, but not compared with epidural corticosteroid.
Strengths and limitations of the study
One of the strengths of this review was the extensive literature search that was undertaken to identify published, unpublished and grey literature. Observational studies and non-randomised trials were included for completeness as some comparisons may not have been evaluated by RCTs. Observational studies can have better external validity than RCTs [30, 31] and provide more generalisable findings, however, the RCT is widely regarded as the design of choice when assessing the effectiveness of health care
interventions [32] and we acknowledge the controversy over the inclusion of non-randomised evidence. In this review, priority was given to RCTs, and the quality of the studies noted. We also conducted a sensitivity analysis excluding non-randomised evidence. Poor reporting and variation in the way the data were analysed meant that imputation or substitution of missing data was necessary in order for the meta-analyses to be as inclusive as possible. Omitting studies with missing SDs may induce bias in the summary effect estimate [33] , and Furukawa et al. [17] have shown that it is safe to borrow SDs from other studies. The use of imputed SDs was tested in a sensitivity analysis.
We identified heterogeneity in many of the meta-analyses performed. It was our intention to explore this heterogeneity with meta-regression, where ten or more studies were included in the meta-analysis, assessing the effect of study level covariates such as: adequacy of randomisation procedure, allocation concealment, attrition rate and blinded outcome assessment. Unfortunately, there were insufficient studies to do this.
The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system is increasingly being used to rate the quality of evidence and grade the strength of recommendations from systematic reviews [34] . GRADE assesses the quality of a body of evidence in terms of the risk of bias, directness of evidence, heterogeneity, precision of effect estimates and risk of publication bias. Although we did not formally use the GRADE system, we have used the same five principles when considering the overall strength of the evidence. When just considering the RCTs, there was neither serious risk of bias for any of the outcome measures, nor evidence of publication bias; however, there was moderate or serious heterogeneity and high levels of imprecision, which would downgrade the level of evidence. There were also limitations in terms of the directness of the evidence as most of the included studies were placebo controlled trials and only two had a moderate level of external validity; the remainder were weak.
Comparison with existing literature
This is the first systematic review of biological agents targeting TNFa for sciatica. It used updated searches from a larger systematic review examining all management strategies for sciatica, which included indirect comparisons of different management strategies synthesised in a mixed treatment comparison. This mixed treatment comparison (MTC) analysis found a significant improvement in leg pain intensity and condition-specific outcomes compared with inactive control when all studies were included; but when observational studies were excluded these findings were no longer statistically significant [12] .
This systematic review focused on biological agents targeting TNFa. Other cytokines have also been implicated in the pathogenesis of sciatica (IL-1a, IL-1b, IL-6, etc.), but we did not identify any other comparator studies of biological agents targeting these alternative cytokines in sciatica. Other non-biological pharmacological agents may also influence cytokines. There has been one small RCT of one such agent; epidural clonidine compared with epidural corticosteroid [35] . The neurophysiology of nerve root pain has been complicated further by the discovery of the antiinflammatory cytokine IL-10 [36] , but agents manipulating this cytokine have yet to be tested in humans.
Implications for future research and clinical practice
There was insufficient evidence to recommend that these agents should be used for treating sciatica. There was heterogeneity in many of the meta-analyses and the improvements in outcome were statistically significant only when non-randomised studies were included. However, these results provide sufficient evidence to suggest that further large RCTs are needed to establish the efficacy of biological agents targeting TNFa compared with placebo. There was a scarcity of RCTs comparing the effectiveness of biological agents with other treatments for sciatica; more are needed. Biological agents are expensive but may lead to cost savings if a reduction in disc surgery is confirmed; economic evaluations alongside RCTs are needed to assess this.
